We study multi-wavelength variability of a bare Seyfert 1 galaxy Fairall 9 using Swift monitoring observations consisting of 165 usable pointings spanning nearly two years and covering six UV/optical bands and X-rays. Fairall 9 is highly variable in all bands though the variability amplitude decreases from X-ray to optical bands.
INTRODUCTION
Active galactic nuclei (AGN) are thought to contain an accreting supermassive black hole (SMBH) at the centre of the parent galaxy. Such sources emit over the entire electromagnetic spectrum from radio to X-rays. The main radiative component in the X-ray band is the power-law emission which is thought to arise due to the Compton upscattering of seed photons in an optically thin and hot corona (Sunyaev & Titarchuk 1980; Haardt & Maraschi 1991) . The seed photons are thought to be associated with the material accreting towards the SMBH forming an accretion disc. The popular standard accretion disc model, which describes an optically thick and geometrically thin disc, was proposed by Shakura & Sunyaev (1973) . The dissipated energy in the accretion disc is considered to be radiated away locally as blackbody emission at each radius of the accretion disc.
The temperature at each radius varies inversely as a three-fourths power of the radial distance from the centre. The emission from outer to inner regions of the accretion disc is observed in the optical to UV bands (e. g., Koratkar & Blaes 1999) and sometimes partly at the softest X-rays (e.g., Boller et al. 1996) .
The emission from the accretion disc in Seyfert galaxies peaks in the UV regime where the peak of the UV emission is hard to detect due to Galactic absorption along the line of sight.
The observed UV/optical emission show a variety of variability on various timescales from hours to years for a range of black hole masses (e.g., MR 2251-178: Arévalo et al. 2008 , Mrk 509: Mehdipour et al. 2011 , NGC 5548: McHardy et al. 2014 , NGC 2617 : Shappee et al. 2014 , NGC 4395: McHardy et al. 2016 . However, the origin of the disc emission variability is less well understood.
One can assume that the natural origin of the UV/optical emission variability is associated with the variations in the accretion flow (e.g., Marshall et al. 2008; Arévalo et al. 2008 ). Such models pose questions on the explanation of the observed disc variability. Sometimes the timescale of observed fluctuations is of the order of hours to days which is much faster than the expected timescale of the accretion flow. Another problem is that the changes in the UV/optical emission lag the X-ray emission, which is unexplainable by the above assumption (e.g., Shappee et al. 2014; McHardy et al. 2014 ).
As suggested by Krolik et al. (1991) , the variations in UV/optical emission can be delayed with respect to X-rays if the variations in the UV/optical emission follow the changes occurring in the X-ray emission. This can happen if X-rays get absorbed in an optically thick medium such as the accretion disc and reprocess into optical/UV emission. For X-ray reprocessing in a standard optically thick and geometrically thin accretion disc, the predicted delay in the UV/optical bands scales as τ ∝ λ 4/3 (Collier et al. 1999) . The observed lags in the multi-wavelength study of several AGN have been found consistent with this prediction of X-ray reprocessing (Cackett et al. 2007; McHardy et al. 2014 McHardy et al. , 2016 Troyer et al. 2016; Edelson et al. 2015; Fausnaugh et al. 2015) . However, Gaskell (2008) has argued that the variations in the UV/optical emission are independent from the variations of X-rays and suggested that the fluctuations are produced locally. Furthermore, in a Seyfert galaxy NGC 3783, Arévalo et al. (2009) found more rapid variations in optical bands than those of the X-rays indicating distinct regions for their origin.
Multi-wavelength monitoring of AGN provides a window to study the various regions of the central regions e.g., accretion discs. Before the era of XMM-Newton and Swift, only a few simultaneous long and intensive multi-wavelength campaigns were undertaken. Monitoring campaigns with RXTE and ground-based optical telescopes were performed on a small number of AGN (e.g., Edelson et al. 2000; Arévalo et al. 2009; Breedt et al. 2010 ). The space-based XMM-Newton and Swift satellites have the capability to make multi-wavelength observations in the optical/UV and Xray bands. Multi-wavelength observations of Seyfert 1 galaxies have revealed correlated variability in the optical/UV and X-ray bands (Peterson et al. 2000; Uttley et al. 2003; Mehdipour et al. 2011; McHardy et al. 2014 McHardy et al. , 2015 Troyer et al. 2016; Edelson et al. 2015; Fausnaugh et al. 2015; Noda et al. 2016) . However, some studies on Seyfert galaxies have shown a relatively moderate correlation between the UV/optical and X-rays (e.g., NGC 7469: Nandra et al. 1998 ) and one of the Seyfert NGC 3516 showed no clear relationship between optical and X-rays (Maoz et al. 2002) .
Thus, the variations and correlation between the UV/optical and X-rays are complex and may depend on a number of factors. To study the multi-band variability, the Seyfert 1 galaxy Fairall 9 is an ideal source which is well known to possess a bare nucleus without any significant intrinsic neutral or warm absorption (Gondoin et al. 2001; Emmanoulopoulos et al. 2011; Lohfink et al. 2016 ).
Fairall 9 (Fairall 1977 ) is a radio-quiet Seyfert type 1 AGN located at z = 0.0461 (Lauberts & Valentijn 1989) . The estimated mass of the black hole is 2.55 ± 0.56 × 10 8 M ⊙ based on reverberation mapping (Peterson et al. 2004) . Since its discovery, it has been observed extensively in the X-ray bands (UHURU : Forman et al. 1978 , ARIEL V : McHardy et al. 1981 , HEAD 1 A1 : Wood et al. 1984 , HEAD 1 A2: Piccinotti et al. 1982 , Einstein : Petre et al. 1984 , EXOSAT : Morini et al. 1986 , ASCA : Reynolds 1997 , XMM-Newton : Gondoin et al. 2001 Emmanoulopoulos et al. 2011 , Suzaku : Schmoll et al. 2009 ). Detailed studies of the broadband X-ray spectrum have revealed no signatures of warm absorbers at low energies making this AGN to possess a bare nucleus (Schmoll et al.
2009
; Emmanoulopoulos et al. 2011) . This AGN has shown moderately broad as well as nar-row Fe-K lines near 6 keV (Schmoll et al. 2009 ). The broadband X-ray spectrum including the soft X-ray excess and iron lines is well described by reflection from the accretion disc (see e.g., Lohfink et al. 2012a ). More recently, Lohfink et al. (2016) have studied this AGN in detail using XMM-Newton and NuSTAR observations. They suggested that the soft excess emission may be explained by combining a blurred ionized reflection component and a spatially distinct Comptonization component.
Fairall 9 has also been observed in a number of multi-wavelength campaigns to probe the central engine including the broad line region (Chapman et al. 1985; Wamsteker et al. 1985; Morini et al. 1986; Koratkar & Gaskell 1989; Recondo-Gonzalez et al. 1997; Zheng et al. 1995; Lohfink et al. 2012b Lohfink et al. , 2014 . Some of the campaigns cover only UV (Chapman et al. 1985; Rodríguez-Pascual et al. 1997; Koratkar & Gaskell 1989) or UV and optical (Wamsteker et al. 1985; Lub & de Ruiter 1992; Santos-Lleó et al. 1997) or UV and X-rays (Zheng et al. 1995; Morini et al. 1986 ) to search for possible correlation between continua at different wavelengths, and between the continuum and broad emission lines. Only a few multi-wavelength observations of this AGN have been reported to date to study the broadband from the optical to X-rays including the UV emission (Recondo-Gonzalez et al.
1997
; Lohfink et al. 2014) . Lohfink et al. (2014) studied nearly a 2.5-months of data from a Swift monitoring campaign which revealed the UV signature of X-ray flares. A detailed study of long monitoring campaign of such a"bare nucleus" is lacking. Such a study will allow to investigate the different regions of the accretion disc. This AGN has been observed from time to time by Swift since its launch.
In this paper, we use publicly available Swift monitoring observations performed over nearly two year period in the optical, UV and X-ray bands. We organize the paper as follows. We describe the observation and the data reduction in the next section.
In section 3, we analyze the lightcurves and study cross-correlation between UV/optical and X-ray bands. We summarize our findings and discuss these results in section 4.
OBSERVATIONS AND DATA REDUCTION
We analyzed ∼ two years span of Swift XRT (Burrows et al. 2005) and UVOT (Roming et al. 2005 ) archival data. Both the XRT and UVOT instruments have simultaneous coverage in the X-ray and the UV/optical bands, respectively. We analyzed Swift XRT data using the publicly available Swift-XRT data product generator provided on the University of Leicester website 1 . We adopted the methodology which is described in Evans et al. (2007 Evans et al. ( , 2009 We also analyzed UVOT (Roming et al. 2005 ) data sets acquired simultaneously with XRT.
We found a few observations where XRT was not operated while UVOT was observing the source (e.g, 00091908031). Similarly, XRT was observing the source while UVOT was not used (e.g., 00037595053). We used sky image files to extract the count rate for an individual filter of a particular observation. The sky images are already corrected for any shift or rotation from the source position (RA = 20.940618 degrees and DEC = −58.805736 degrees). We used UVOTIMSUM to increase the signal to noise by summing multiple frame exposures. To extract the spectrum of each observation, we selected a circular source region of 6 arcsec centred at the source RA and Dec.
We also selected the background region from an annular ring with inner radius 36 arcsec and outer radius 49 arcsec keeping same source centre in each frame exposure avoiding the two prominent UV/optical object as shown in Fig. 1 . We then used UVOT2PHA which utilizes the UVOTSOURCE task to compute fully corrected counts and area using latest calibration files 2 . We thus obtained spectrum products for both source and background, then extracted a background corrected source count rate and associated one sigma error for each passband of a particular observation. We found usable 165 pointings for UVOT instrument.
DATA ANALYSIS

X-ray and UV/optical lightcurves
We created lightcurves for the 1.5 − 5 keV and 0.3 − 1.5 keV bands using their observed count rates in units of counts s −1 . We refer to the 1.5 − 5 keV as the hard X-ray band where simple power-law emission is considered to be the dominant component. We are limited to this energy shown for all observed epochs to date. The X-ray emission varies by a factor of ∼ 4 from minimum Table 2 . Long and short-term variability for all observed lighcurves. to maximum on long timescale and also varies by a factor of ∼ 2 from minimum to maximum on short timescale. The hardness ratio seems constant on long timescales while it appears to vary rapidly on short timescales.
% variability on long (L) & short (S) timescales
The UVW2 emission has simultaneous coverage similar to the X-ray emission as shown in the bottom panel of Fig. 2 (a) . The UVW2 observations for epoch IV are larger in number as highly piled-up photon counting mode data sets for the X-ray emission are excluded from the analysis. The other filter (UVM2, UVW1, U, B and V) observations only cover simultaneously to the X-rays in epochs I, II and III which are shown in Fig. 2 (b) . We estimated the variations on long timescales relative to the observed minimum value for each individual epoch and full epoch (I+II+III+IV), and we also estimated the maximum variation on short timescales for individual epoch as listed quantitatively in Table 2 . Thus all the epochs are highly variable on both long and short timescales. In addition to rapid variability on timescales of few days to a week, there is a slowly rising emission component present in all the observed lightcurves. This is clearly visible in each lightcurve in the 850-950 days of MJD-56000.
In order to study the linear correlation between different wavelengths due to rapid variations and common trends present in each observed lightcurve, we used Pearson's correlation coefficient 'r'. It is also called as Pearson Product Moment Correlation coefficient (PPMC). The measurement of coefficient 'r' is the strength of correlation between two variables. The significance of the correlation can not be measured alone by estimating the correlation coefficient 'r'. If we assume each variable from n data points associated with each respective data set follows a normal distribution, the t-statistic with n − 2 degree of freedom is used to provide the significance of the correlation. The t-statistic for a given correlation coefficient 'r' is defined as t 2 = (n − 2) r 2 1−r 2 . This t-statistic allows us to determine the probability that the correlation occurs by chance and the probability is termed as p value. Small values of p (i.e., < 0.05) indicate that the observed variables are likely correlated. We determined the correlation coefficient between different wavebands and the probability using the Python routine for PPMC. We found coefficient r in the range 0.92-0.63 for full lightcurve with log(p) values in the range -57.9--14.8, and for II+III time series, r covers 0.91-0.43 with log(p) values in the range -45.4--5.5. There are therefore strong correlations between the X-ray emission as well as UV/optical emission.
Z-transformed Discrete Cross-correlation function (ZDCF)
The observed lightcurves in the UV/optical bands appear to be shifted compared to the X-ray 
where a, b are the estimators of the bin averages, and s a , s b the estimators of the standard deviations which are difined as
Using Fisher's transformation which provides the normal distribution of z-values for given r z values.
After estimating the mean (z) and standard deviation (s z ) of z, the transforming it back to calculate ±1σ error in r z is approximately equal to
The ZDCF method has advantage over DCF as this can estimate the error based on Gaussianity of data points. In general, the ZDCF tool uses a variable bin size to ensure at least 11 data points per bin. In this work, we made use of minimum 50 data points together in a time bin and then produced 10000 realizations through Markov Chain Monte Carlo (MCMC) to estimate the lag for a particular soft band with respect to the hard band. In addition, we also used non zero-lag data points and non-uniform binning to compute the cross-correlation function (CCF), and for auto cross-correlation function (ACF) we used all data points plus non-uniform binning. The results of ACF and CCF are shown in the left and right panels of Fig. 4 , respectively, in the range (-50, 50) days. Interestingly, ACF of each UV/optical bands is much broader than that of the X-ray bands and the CCF becomes more broader with wavelength on positive delay. Clearly, the peak in each CCF seems to shift in positive side of the curves. We derived the lags about the peak in the range -100 to 100 days for all time series together (full) and II+III using "PLIKE 3 " code provided by Alexander (1997) . We found the lags in days for each band from UV/optical to soft X-ray relative to the hard X-rays as listed in Table 3 . 
JAVELIN: Lag estimation
We used the model-independent tool like ZDCF to estimate the lag between various energy bands.
The lag is important to understand the system physically if one can estimate the lag using the model-dependent method such as damped random walk (DRW) process. The DRW method introduced by Kelly et al. (2009) has been used to derive the quasar UV/optical variability since last few years (Kozłowski et al. 2010; MacLeod et al. 2010; Zu et al. 2011 Zu et al. , 2013 . This is a stochastic process, defined by an exponential covariance matrix (C ij ) that works as a random walk for a short timescale and asymptotically obtains a finite variability amplitude on long timescale (Zu et al. 2013 ).
Where ∆t ij = t i − t j , and σ d and τ are model parameters. The covariance is σ 2 d for ∆t ij ≪ τ , and decays exponentially on a timescale given by τ . A publicly available Python code JAVELIN assumes one lightcurve is a DRW process and the second is a convolution of the DRW lightcurve with a uniform delay distribution sepcified by mean delay τ and delay range ∆τ . It has been seen that DRW and X-ray power spectral slopes for AGN are similar on short timescales (i.e.,McHardy et al. Right panel: the cross-correlation function (CCF) is shown for each UV/optical and soft X-ray bands with respect to hard X-ray band ( 1.5−5 keV). The CCF represent that the soft emissions from soft X-ray to V bands lag the hard X-ray. The vertical solid lines represent zero delay in all graphs. 2005, 2004) . We therefore used JAVELIN to derive the probability distribution of lag for various wavelengths. This code calculates a maximum likelihood lag, scale factor and a kernel width assuming a top-hat transfer function from the DRW covariance matrix. This method also employs internally a linear detrending procedure to remove the mean of the lightcurve used, and hence further additional substraction is not required.
We used the hard X-ray (1.5 − 5 keV) as the first lightcurve to construct the continuum parameters (σ the second lightcurve to estimate delay using reverberation model (Rmap Model 4 ). We also created 10000 realizations of lags between the first and second lightcurves using the MCMC method embedded in JAVELIN code. The probability distribution of lags for full lightcurve (I+II+III+IV) is displayed in Fig. 5 derived with respect to the hard X-ray band. Assuming a Gaussian distribution of lags, we computed the mean and associated one σ error for each pair of UV/optical and soft X-ray with the hard X-rays. Similar to ZDCF, we used both full and II+III epochs to derive the lags which are listed in Table 3 . Thus we obtained a clear increasing trend of lags with wavelength.
Lag spectrum and its modeling
Lag spectrum
Since all the UV/optical bands are generlly represented by their central effective wavelength, we converted the soft X-ray band (0.3-1.5 keV) and the hard X-rays (1.5 − 5 keV) into average wavelengths equal to 1.4 ± 2.1 nm and 0.4 ± 0.7 nm, respectively. The estimated lags by ZDCF and JAVELIN for the UVW2, UVM2, UVW1, U, B, V and 0.3 − 1.5 keV band are consistent within errors. Here we used JAVELIN lags obtained assuming a Gaussian distribution from the full time series. We created the lag spectrum as a function of wavelength measured in nm after transforming the lags with respect to the UVW2 band. This is shown in Fig. 6 by black points with red error bars.
Power-law model and linear model
The functional form of commonly used thin disc model as the power-law model which is given by Equation 6, where τ is the time delay corresponding to a particular wavelength λ with respect to a reference wavelength λ 0 , α is the normalization and and β is the index.
The value of β is 4/3 for standard accretion disc model. In our case we used the reference wavelength λ 0 = 192 nm for the UVW2 band. We fitted the observed lag spectrum by power-law model (see Equation 6 ). The best-fitting model was found to be τ = 3.0 ± 0.4 × λ 192
1.36±0.13 − 1 .
We also modeled the observed lag spectrum with the linear function A+B×λ. The linear model −2.9 ± 0.4 + 0.020 ± 0.001 × λ was found to fit the lag spectrum equally well. However, both power-law and linear model provide similar poor statistics (χ 2 ν /dof = 0.1/4) to describe the observed lag spectrum. Both the fitted power-law model and linear model are shown by black and blue curves, respectively, in Fig. 6. 
Standard accretion disc model
The UV/optical emission can be considered as the mixture of both the emission from the standard disc itself and the themalized emission in the disc due to X-ray heating. The thermalized emission in the accretion disc increases temperature of the accretion disc. As a result, the increased temperature can be observed in the UV/optical bands. In the X-ray heating, we suppose a compact X-ray source at a height H above the accretion disc close to the SMBH. We also assume the X-ray luminosity L X and albedo A for X-ray heating in the disc. The resultant temperature (T ) due to the viscous heating as well as the X-ray heating at disc radius R from the centre can be described as given below in Equation 7 (see e.g., Cackett et al. 2007; Berkley et al. 2000) .
where G is the gravitational constant, M is the mass of the black hole,Ṁ is the accretion rate, R in is the innermost circular radius and R X is the distance of the disc element from the X-ray source. The parameter θ X is the angle between the line joining of the disc element and the X-ray source, and the normal to the disc surface. The terms cos(θ X ) and R X can be written as
After replacing parameters cos(θ X ) and R X in Equation 7 in terms of H and R, Equation 7 becomes as the following.
When the height of the X-ray source and innermost circular radius are much smaller than R,
1/2 ∼ 1, the temperature (T ) can be described as given in
Equation 9 .
We write the radius R in terms of temperature, mass (M), accretion rate (Ṁ ), height (H), albedo (A) and the X-ray luminosity (L X ). The delay is expressed by Equation 10 after converting temperature into wavelength from Wein's law, and R as a product of light speed c and delay τ .
where k = 2.9 × 10 −3 mK. Considering UVW2 wavelength as the reference wavelength λ 0 = 192.8 nm, we write the lags as a function of wavelength (see Equation 11 ).
We estimated the predicted lags from the standard disc by using Equation 11. We used currently available mass of black hole M BH = 2.6 × 10 8 M ⊙ , height H = 6r g and inner radius R in = 6r g and albedo A = 0.2. We also used the accretion rate relative to Eddington rateṁ E = 0.02 and luminosity L x = 10 44.8 erg s −1 (Vasudevan & Fabian 2009 ). Since we transformed the lags with respect to the reference wavelength λ 0 , then we used τ 0 = 0 days in the theoretical calculation.
The theoretical calculation is shown by green dashed line and solid triangle corresponding to the central effective wavelength on the curve in Fig. 6 . This calculation reveals that the observed lags appear longer than the expected lags from the standard accretion disc.
Furthermore, Equation 11 can provide the radius of the annulus emitting region of an accretion disc for a given reference wavelength if we assume that the accretion disc is face on (e.g., Edelson et al. 2015) . After comparing Equations 6 and 11 when τ 0 = 0 for the reference wavelength λ 0 = 192 nm, we found that the normalization of Equation 6 can be expressed as
The best-fitting of power-law model has a value of α ∼ 3.0 days. The radius of annulus region over accretion disc may be about ∼ 3.0 × 86400 × 3 × 10 10 ∼ 7.8 × 10 15 cm. The radius of annulus region of the disc can be described in terms of r/R S ∼ 400 in the vicinity of the SMBH, where R S is Schwarzchild radius for Fairall 9 (M BH ∼ 2.6 × 10 8 M ⊙ ). The estimated temperature T ∼ 1.5 × 10 3 K corresponding λ 0 = 192.8 nm using Wien's law peaks at above radius of the accretion disc .
To summarize, we have estimated the extent to which emission in the soft X-ray and UV/optical bands lags that in the hard X-ray band. Fig. 6 then shows lags relative to the UVW2 band. Powerlaw and linear models describe this lag spectrum equally well statistically. The power-law fit fol- lows the 4/3 rule (τ ∝ λ 1.36±13 ) expected for a standard thin disc, but a theoretical model for a standard thin disc that includes both viscous and X-ray heating predicts lags of smaller values than observed. Thus Fig. 6 suggests support for a more complex picture in which the accretion disc may be larger than in a standard thin-disc model.
RESULTS AND DISCUSSION
We have studied UV/optical and X-ray variability of the bare Seyfert 1 galaxy Fairall 9 using intensive Swift monitoring over four epochs lasting 2 to 6 months and spanning nearly two years during 2013 to 2015. We utilized various variability tools to study the observed lightcurves. We studied linear correlation between the hard (1.5 − 5 keV) and one of the low energy bands -soft (0.5−1.5 keV) and six UV/optical bands, and used the count-count correlation with positive offset method to investigate the slowly variable component. We have also studied cross-correlation using ZDCF and JAVELIN and calculated the lag between various energy bands. Below we list the main results results followed by a summary which are as follows:
(i) Fairall 9 exhibited strong variability in all bands. The hard (1.5 − 5 keV) and soft (0.5 − 1.5 keV)
bands varied by factors of about four while the UV/optical bands UVW2 and B bands varied by ∼ 179% and ∼ 73%, respectively, over the two year long monitoring period.
(ii) Fairall 9 also showed short-term variability by a factor ∼ 2 in the X-ray bands, and variations at a level of ∼ 60 − 7% in the UV/optical bands on scales of days. (v) The lag spectrum (lag vs. effective wavelength) shows that the lag increases with wavelength. The lag spectrum is described equally well by both the power-law model (see Equation 6 ) and a linear function. The simple models could not be distinguished possibly due to the large errors in the observed lags.
(vi) The predicted lags from standard disc theory with X-ray heating are shorter than the observed lags (see Fig. 6 ).
The optical/UV and X-ray lightcurves appear to show the long and short term variations by a factor of ∼four and ∼two, respectively. The variations are larger in the X-rays than that of the UV/optical emission. These variations on long and short timescales reflect the driving mechanism either related to intrinsic variations in the disc or heating of the accretion disc's surface externally by the X-ray source above the accretion disc. The variations appear strongly correlated. The lightcurves in the epoch II+III clearly show that the X-rays are leading the UV/optical emission (see vertical lines in Fig. 3) .
The cross-correlation analysis confirms that the variations in the UV/optical bands are delayed with respect to the variations in the X-ray band. This clearly suggests that variability associated with the changes in the accretion flow is not dominating. There are slowly rising long trends present in the observed X-ray/UV/optical lightcurves i.e., after 850 days of MJD-56000. The slow variations may be caused due to the changes intrinsically to the disc on viscous timescale. However, absence of clear optical/UV leads suggests that even the slow variations are not associated with intrinsic changes in the disc. The presence of UV/optical lags clearly implies that the X-ray heating dominates UV/optical emission and the variations in X-rays echo in each of the UV/optical bands.
Indeed, the X-ray heating in the accretion disc predicts lower lag than the observed lags. We used black hole mass M BH = 2.6 × 10 8 M ⊙ , height H = 6r g , inner radius R in = 6r g ,ṁ E = 0.02
and L X = 10 44.8 erg s −1 to estimate the theoretical lags which is shown by the green dashed line in Fig. 6 . These predicted lags, however, are overestimated as we did not account for the flux contributed from disc radii smaller than that implied by the Wien's law. Thus the wavelength obtained from Wein's law artificially provides longer lag from the accretion disc. Therefore, including geometrical effects such as flux weighted radius can further lower the predicted lags from the standard accretion disc model. Such geometrical effects are included in the findings of McHardy et al.
(2014). They found nearly three times longer observed lags than the predicted lag from standard accretion disc model. Thus the predicted lags will be shorter than depicted by the green line in Fig. 6 . The discrepancy between the observed lags from Fairall 9 and the predicted lags from the standard disc model will be even more than shown in Fig. 6 . This implies that the emission regions in AGN discs are larger than that inferred from the standard accretion disc models. We note that micro-lensing studies e.g., (Morgan et al. 2010 ) also require larger emission region for a given wavelength over the standard accretion disc. Dexter & Agol (2011) suggested that the inhomogeneities in accretion disc can provide the longer lag as observed because the outer inhomogeneous disc can emit higher flux responsible for larger region.
Despite the low predicted lags, the disc modeling provides important insights into the emitting regions of an accretion disc. If the accretion disc is face on, then the normalization expressed by Equation 12 can give the radius of annulus emitting region corresponding to the reference wavelength λ 0 (e.g., Edelson et al. 2015) . The radius of the accretion disc is found to be r/R S ∼ 400 from the centre of the SMBH peaking at 1.5 × 10 3 K. Thus, the disc modeling provides important fact such as size of emitting region of the accretion disc.
Additionally further investigation of lag spectrum, the linear model can also describe the observed lags. This may be suggestive that the observed lags are affected by the viscous fluctuations in the accretion flow to give flatter distribution of lags. However, the timescales related to the accretion flow and X-ray heating to the disc are quite different. Both the linear and power-law models explain the lag spectrum equally well due to large error bars. Thus, given the large uncer-tainties in the measured lags, it is hard to distinguish between power-law and linear models. High signal-to-noise data can be helpful to address this issue in future. Essentially, our results indicate the complex nature of the UV/optical emitting regions of accretion disc, but have the potential to reveal important insights of central accretion disc and corona. A comprehensive observational monitoring from X-ray to UV/optical emission may provide much clearer picture of the disc regions. This campaign can be possible with the ASTROSAT mission (Singh et al. 2014 ) which has the capability to observe simultaneously across multiple bands from optical to hard X-rays.
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